Vegetable is an essential daily diet item for the people of Malaysia. This work addressed the radiation and heavy metal exposure scenarios through the consumption of vegetables. Kuala Selangor is located in Sungai Selangor estuary in the west coast of Peninsular Malaysia, which is susceptible to pollution load due to the presence of large-scale industrial and human activities. Radioactivity and heavy metals level in human diet is of particular concern for the assessment of possible radiological and chemical hazards to human health. Therefore, a comprehensive study was carried out to determine the radioactivity levels ( , respectively, with a total of 98+ + + + +8 mSv y
INTRODUCTION
Natural radioactivity and heavy metals are always present in world's environmental media since it was created. These components may be enhanced by human activities like agricultural inputs, urbanisation, uses of fossil fuels, industrial activities, dumping of radioactive wastes, disposal of industrial effluents, etc. (1 -4) . Food is the major source of ingestion of radioactivity and heavy metals in humans. Particularly all categories of vegetables are produced and commonly consumed ( particularly the root, fruit and leafy vegetables) by the Kuala Selangor (latitude 3820 0 N, longitude 101830 0 E) communities. The primordial radionuclide, such as 40 K, and the radionuclides from the 238 U and 232 Th decay series are the most common radionuclides in all environmental media including vegetable, and ingestion exposure dose mainly results from these radionuclides (5) . In the terrestrial ecosystem, soil is the main reservoir for radioactivity contamination. It is, therefore, important to study the spatial distribution of natural radioactivity and related radiation exposures through specific land-produced foodstuffs (6) . If elevated levels of these radionuclides accumulate within the body, then the organs will be subject to continuous exposure from the emitted photons and particulate forms of radiation, creating radiation damage, biochemical and morphological changes (7) . As such, assessment of radiation level in the fibrous foodstuffs finds great importance in addressing the associated health concerns.
Heavy metals can be toxic for humans when they are not metabolised by the body and accumulate in the soft tissues. Heavy metals (Ni, Ba, Hg, Pb, Cd, Al, Se, Sb, Bi, etc.) consist of a group of minerals that have no known function in the body and, in fact, are harmful. Minerals (such as Zn, Cu, Fe, Mn, Se and V) that are needed in minute quantities for human body become toxic if they exist in greater amounts. Excessive content of metals beyond maximum permissible level leads to a variety of cardiovascular, neurological and bone diseases as well as mutagenic effects in lungs, kidneys, liver and other vital organs (8) . As far as the authors' concern, no representative data of radioactivity and heavy metal levels in vegetables in the studied region are available that estimates the various hazard indices. Therefore, this study was carried out to investigate the radioactivity ( 226 Ra, 228 Ra and 40 K) and heavy metal (Mg, Al, Cr, Mn, Fe, Ni, Cu, Zn, Cd, As, Se, Rb, Sr, Sb, Ba, Bi, Hg and Pb) levels in the most commonly consumed vegetables among the inhabitants of Kuala Selangor in order to make a preliminary estimation on intake doses of radionuclides and toxic metals for this population.
MATERIALS AND METHODS

Vegetables sampling, pretreatment and analysis
Almost all categories of vegetables (root vegetables: tapioca, sweet potato, yam; fruit vegetables: brinjal, long bean, lady's finger, winged bean, cucumber and leafy vegetables: water spinach, spinach) produced and consumed by the inhabitants were collected (a total of 45 samples from 10 different vegetables) and prepared as described elsewhere (9, 10) . The activity concentrations of 226 Ra, 228 Ra and 40 K in the samples were determined using HPGe g-ray spectrometer (ORTEC, relative efficiency of 28.2 % and energy resolution of 1.67 keV FWHM at the 1332.5 keV peak of 60 Co). Detector energy calibration and efficiency evaluation were carried out according to Refs. (9, 10) . . Daily intake equivalent to a 70-kg adult as well as the daily intake of body weight (bw) were estimated according to Refs. (3, 4) . (2) . However, activity concentration of 226 Ra in this work is about two times higher than that reported by Canbazoglu and Dogru (5) in Turkey (0.11 -0.99 Bq kg 21 ) and by Santos et al. (2) ( 1) in Ghana.
RESULTS AND DISCUSSION
Radionuclide activity concentrations
Compared with radium nuclides ( 226 Ra and 228 Ra) concentration, potassium nuclide ( 40 K) concentrations were found to be very high indicative of the fundamental nutrient status of potassium for the plants, and this may be attributed to poor migration characteristics of radium from the substrate to the plant in the concerned environment (1) . (12) and the range of 87.8+8.4 -369+19 Bq kg 21 found in different crops in Ghana (1) , higher than the range of 2.1 -44.8 Bq kg 21 reported from Turkey (5) , and lower than the authors' previous works for tapioca and sweet potato (56 -2483 Bq kg 21 ) in tin mining and some other areas of Malaysia (9) .
Annual intake of radionuclides and committed effective dose
Annual intake of radionuclides and committed effective dose are presented in Table 1 . Activity concentration (Bq kg 21 ) for each radionuclide from each vegetable sample was multiplied by their respective consumption rate (kg y 21 ) to obtain the annual activity intake. The committed effective dose was then determined by multiplying annual activity intake value and dose conversion coefficients for adult taken from International Atomic Energy Agency (13) . The annual intake of each radionuclide from different varieties of vegetables was estimated as 1.3+0.1211.8+0.8 Bq with an arithmetic mean (AM) of 6+0. The values in brackets "[ ]" indicate the number of samples analysed. AM and SD denotes arithmetic mean and standard deviation, respectively. (14) . This study found that adults living in the study region receive a radiation dose of 98 mSv y 21 from vegetable consumption, which is three times lower than the world average value (290 mSv y 21 ) and presents no significant risk to public health (5, 14) . Among the vegetables, water spinach (17 %), cucumber (15 %) and sweet potato (13 %) are the highest contributors to the intake dose of Kuala Selangor communities, followed by lady's finger (12 %), spinach (10 %), tapioca (10 %), brinjal (8 %), long bean (8 %), winged bean (5 %) and yam (2 %).
MEASUREMENT OF RADIOACTIVITY AND HEAVY METAL LEVELS
40
K is the main contributor to the intake dose, with a contribution of about 59 % of total estimated dose, followed by 228 Ra (24 %) and 226 Ra (17 % (15) .
Heavy metal concentration and daily intake dose
The results obtained for heavy metal concentrations (AM+SD) (dry weight) and daily intakes in different varieties of vegetables are shown in (3) . The concentration of heavy metals showed variations among different vegetables, which can be caused by differences in the chemical and physical properties of the different farm soils, by the industrial effluents or even due to the use of phosphate fertilisers, herbicides, fungicides and pesticides (4) . The average dietary intake (mg day 21 bw) of heavy metals was estimated as Mg (4.0), Al (2.64), Cr (0.001), Mn (0.11), Fe (0.22), Ni (0.001), Cu (0.006), Zn (0.053), Rb (0.014), Sr (0.04), Sb (0.08), Ba (0.002), Bi (0.11), Hg (0.0007) and Pb (0.0013). The metal with the highest contribution to daily dietary intake was found from Al (24 mg day 21 bw) (cucumber) followed by Mg (12 mg day 21 bw) comes from lady's finger. The dietary intake values estimated in (8) Bi 0.5 -
Ni 0.02 (R f D) 0.089, 0.04 -0.7 (4, 8) Hg 5 (mg day 21 ) - (16) Cu 0.9 1.12, 1.54 (22, 4, 8) Pb 1.7 (PTWI) 0.028, 0.007-0.23 (4) Zn 15 (R f D) 4.8, 9.0-18 (4, 8) PTWI denotes the provisional tolerable weekly intake, and R f D is the reference oral dose.
the studied vegetables were far below the values reported in literature and the permissible limits recommended by different international agencies (4, 9, 16 -22) ( 
